Structural fibrils constitute a physiological component of the bone marrow stromal microenvironment and contribute to providing a connective tissue structure and a support for hematopoietic progenitor cells. 1 The most common fibers in the bone marrow are reticulin and collagen type I/III. Bone marrow biopsy sections can be examined for stromal fibers using a silver impregnation technique such as Gomori's stain, reticulin fibers having a smaller diameter and a greater content of interfibrillar material compared to collagen. 2 A wide variety of benign conditions and malignant disorders are associated with a pathological increase in bone marrow stromal fibers. 1 Among hematologic malignancies, several myeloid neoplasms, as defined by the World Health Organization (WHO) classification, are associated with an increase in bone marrow fibrosis, including myeloproliferative disorders (primary myelofibrosis, myelofibrosis secondary to thrombocythemia or polycythemia, BCR-ABL1 + chronic myelogenous leukemia), myelodysplastic/myeloproliferative (MDS/MPN) disorders (chronic myelomonocytic leukemia, refractory anemia with ring sideroblasts and thrombocytosis) and acute leukemia (acute megakaryoblastic leukemia, acute pan-myelosis with myelofibrosis). In addition, bone marrow fibrosis is described in a proportion of patients with myelodysplastic syndromes (MDS). 3 The pathophysiology of bone marrow fibrosis in these disorders is just beginning to be elucidated. Most diseases with increased bone marrow fibrosis are associated with abnormalities of the number and/or function of megakaryocytes and platelets. 4 Cytokines from megakaryocytes and platelets appear to be necessary, but perhaps not sufficient, for fibrosis to occur. A growing body of evidence suggests that transforming growth factor-β, a potent stimulator of fibroblast collagen synthesis, plays a key role in determining a pathologically increased deposition of bone marrow stromal fibers, but it is likely that other cell types, cytokines and growth factors are also involved. 4 The clinical implications of increased reticulin seem to be different from those of increased collagen: the amount of bone marrow reticulin shows little correlation with the severity of the underlying hematologic disease while the presence and amount of collagen fibers are strongly correlated with abnormal blood counts and poor outcome. Moreover, reticulin fibrosis is often reversible after therapeutic intervention, while collagen fibrosis is less likely to be modified by treatment. 1 The use of a clear histological terminology in the definition of bone marrow fibrosis is very important. Until recently the assessment of bone marrow fibrosis was mainly based on subjective evaluations by individual pathologists using different grading systems and methods of processing the trephine biopsies. 1, 5 In 2005, a group of European experts (European Myelofibrosis Network, EUM-NET) formulated a consensus-based proposal for a semiquantitative evaluation of bone marrow fibrosis with the aims of avoiding excessive overlapping and achieving a high degree of reproducibility in clinical practice. 6 Grading of myelofibrosis was simplified by introducing four categories (including normal reticulin density) and differentiating between reticulin and collagen fibers. Given the high reproducibility documented in the original study as well as by independent investigations in the setting of hematologic malignancies, 7 the EUMNET criteria represent a reliable instrument to evaluate the impact of pathologically increased bone marrow structural fibers in different clinical conditions.
The evaluation of bone marrow fibrosis in myeloid neoplasms is relevant not only in the diagnostic work-up but also in prognostic assessment. In primary myelofibrosis the presence of type I collagen in the bone marrow is associated with a poorer prognosis. 7 In essential thrombocythemia, elevated reticulin levels at presentation predict high rates of thrombosis, major bleeding and myelofibrotic transformation. 8 Finally, myelofibrosis was shown to be a significant predictor of therapeutic efficacy in chronic myelogenous leukemia, including engraftment after transplantation. 9 The clinical significance of bone marrow fibrosis in MDS patients remains to be clarified. The current classification of MDS is based on morphological evaluation of bone marrow dysplasia and does not take into account histological features. 3 However, histological information complements the morphological information obtained from a marrow aspirate and diagnostic guidelines recommend that a biopsy should be performed in all cases of suspected MDS in which bone marrow examination is indicated. 10 Histological parameters are promising candidates to improve the diagnostic and prognostic accuracy of the WHO classification. Indeed, the occurrence of abnormal localization of immature myeloid precursors (ALIP) as well as the presence of CD34 + cell aggregates have been shown to be associated with an increased risk of leukemic transformation in MDS.
In the era of the French-American-British classification, several studies evaluated the presence of bone marrow fibrosis in MDS and its clinical relevance, leading however to conflicting results due to the heterogeneity of patients included in each series and of the grading systems adopted. Fibrosis was reported in 12-50% of cases, and some authors suggested that the presence of stromal fiber abnormalities may identify a group of patients with a negative prognosis. 11 Recent investigations clarified the prevalence and the clinical impact of bone marrow fibrosis in MDS classified according to the WHO criteria. 12, 13 The occurrence of mild fibrosis (defined as a loose network of reticulin fibers by EUMNET grading on myelofibrosis) is a common feature at diagnosis in these patients and does not correlate with spe- Patients were stratified according to the presence of moderate-to-severe bone marrow fibrosis (EUMNET criteria on grading myelofibrosis 6 ). This analysis allows an estimate to be made of the cumulative incidence of a specified failure mode, compared to its competing risk over time. MDS w/o fibrosis: MDS with no or mild fibrosis; MDS-F: MDS with moderateto-severe fibrosis cific clinical features. Conversely, moderate-to-severe fibrosis (defined as a diffuse and dense increase in reticulin with bundles of collagen and/or osteosclerosis) is present in about 10-20% of patients and is closely associated with multilineage dysplasia, profound cytopenia, leading to high red cell/platelet transfusion needs, and poor cytogenetics (Figure 1 ). 12 The survival of patients with moderate-tosevere fibrosis is significantly worse than that of patients with no or mild fibrosis, both because of an increase of nonleukemic death (mainly a consequence of profound marrow failure) and because of the increased rate of leukemic evolution ( Figure 2) . 12, 13 At present, MDS with fibrosis (MDS-F) are not recognized as a distinctive subtype in the WHO classification, and are included under the category "MDS, unclassifiable". 3 However, some evidence suggests that MDS-F should be considered as a distinct clinical entity. By using a clustering analysis, which allows the identification of subgroups of homogeneous patients in an unsupervised manner based on both clinical variables and histological parameters, patients with moderate-to-severe fibrosis were classified into a clearly distinct group characterized by multilineage dysplasia, increased cellularity, high transfusion need and poor prognosis, whereas those with no or mild bone marrow fibrosis segregated into two other subsets including patients with unilineage dysplasia and with multilineage dysplasia or excess blasts, respectively (Figure 3 ). 12 Although MDS-F can share some features with primary myelofibrosis, cytogenetic features and molecular markers differ substantially between the two diseases. JAK/STAT pathway mutations are found in a significant proportion of patients with Philadelphia-negative myeloproliferative neoplasms and MDS/MPN disorders and predict the risk of major clinical events in these patients. 3 By contrast, these mutations are found to be a rare event in MDS-F suggesting that they probably do not have a pathogenic role in these patients. 12 Whether MDS-F represents a pure myelodysplastic disorder rather than a MDS/MPN disorder remains to be clarified.
In this issue of the journal, Kroger et al., on behalf of the European Group for Blood and Marrow Transplantation (EBMT), addressed the issue of the prognostic effect of bone marrow fibrosis in MDS patients who underwent allogeneic stem cell transplantation (SCT).
14 Information regarding the impact of bone marrow fibrosis on outcome after allogeneic SCT for these MDS patients is limited. 15 Historical observations suggested that bone marrow fibrosis might affect hematopoietic reconstitution after allogeneic SCT. In this EBMT study, the authors found a higher risk of graft failure and delayed neutrophil engraftment as well as a significantly higher risk of relapse in patients with severe bone marrow fibrosis compared to in those with no or moderate fibrosis, resulting in a significantly reduced disease-free survival in the former.
Although this study did not adopt the EUMNET scoring system and bone marrow fibrosis was assessed using heterogeneous criteria, the results clearly demonstrate that severe bone marrow fibrosis is an independent risk factor for reduced survival after transplantation.
The results of this study may have relevant implications and may contribute to improving our decision-making for young patients with MDS. In fact, although allogeneic SCT is the only curative treatment for MDS, there is still considerable uncertainty regarding the best timing and transplant modalities. Careful selection of candidate recipients and evidence-based evaluation of risks and benefits are mandatory in order to improve transplant outcome. 16, 17 This is crucial for patients with low or intermediate-1 risk according to the International Prognostic Scoring Systemic (IPSS), most of whom enjoy a long period after diagnosis without obvious disease progression. In general, for these patients, the risk of immediate morbidity and mortality associated with transplantation is unacceptably high and a delayed transplantation strategy is commonly adopted. 18 However, this subset of patients is extremely heterogeneous, and selection of those at high risk of disease progression is essential in order not to put at risk their eligibility for the transplant procedure or to jeopardize its potential benefit.
Recently multilineage dysplasia, transfusion-dependency and moderate-to-severe bone marrow fibrosis were proven to identify subsets of patients with low or intermediate-1 IPSS risk with a significantly worse survival and higher risk of leukemic progression. 12, 19, 20 The study by Kroger et al. appears to substantiate the concept that MDS-F is an haematologica | 2011; 96(2) aggressive disease, and shows that despite the poor outcome, allogeneic SCT remains a potentially curative option for these patients.
Collectively, these data suggest that in patients with low or intermediate-1 IPSS risk and multilineage dysplasia, transfusion-dependency or moderate-to-severe bone marrow fibrosis, an early transplant should be considered when possible.
Much work does, however, remain to be done. The poor results observed in patients with severe bone marrow fibrosis in the study by Kroger et al. (18% 3-year disease-free survival) strongly support the need for further investigations aimed at improving this outcome. Such investigations must encompass an evaluation of the role of pre-transplant treatments, including hypomethylating agents and intensive chemotherapy, the most appropriate intensity of the preparative regimen and possible post-transplantation interventions aimed at preventing relapse. 
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